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FOREWORD. 

To  give  information  and  to  bring  about  di$eu99um,  the  article 
prepared  bff  a  leadmg  phyncist,  and  printed  by  the  American 
Petroleum  Institute  is  released  for  publication  immediately, 
A  reatonable  uumber  of  copiee  may  he  obtained  free  from 
the  American  Petroleum  Institute,  250  Park  Avenue,  New 
YorTe. 

Thit  M  the  first  of  a  eeriet  of  papers  which  wiU  be  prepared 

from  time  to  time,  and  published  by  the  American  Petroleum 
Institute  for  the  general  inforwuiiion  of  the  industry  and  the 
public.  The  articles  wUl  deal  roith  the  theory  and  practice 
of  oil  production,  with  especial  reference  to  the  eonservaiiom 
of  gas,  and  to  the  consequent  better  control  of  production, 
and  the  increased  recovery  of  oU. 

The  oU  industry  is  about  to  enter  a  new  era  in  which  hoih 
the  producer  and  the  consumer,  and  the  nation  at  large,  the 
national  defense  and  security,  and  the  general  welfare,  WUI 
aU  obtain  benefit. 

Tbm  Amkeican  PmoLBUM  Ikritiitb, 

260  Park  Avenue,  New  York. 
By  B.  L.  Wmmjcb,  Oeneral  Secretary. 

May,  1927. 


THE  A  B  C*^  OF  SCIENCE 

—  IN  — 

OIL  RECOVERY. 


Eyerythino  may  exist  in  one  or  other  or  all  of  three  different 
states^  the  solid^  the  liquid  and  the  gaseous  state.  Thus^  we 
have  ice,  water  and  water  vapor  (steam)  as  the  solid,  the  liquid 
and  the  gas  which  we  can  obtain  from  water.  We  can  change 
one  form  into  another  either  by  heating  or  cooling  or  by 
applying  pressure  or  removing  pressure.  If  we  cool  water  we 
finally  get  solid  water  or  ice.  If  we  heat  water  we  finally  get 
water  vapor  or  steam.  Cooling  steam  yields  water.  In  a 
similar  manner^  by  applying  high  pressures  to  water^  we  can 
eventoally  solidify  it  to  ice  provided  the  wator  is  not  too 
hot.  If  we  compress  steam  it  will  yield  water.  The  hotter 
the  steam  the  greater  the  pressure  we  must  use  to  get  liquid 
water  from  it.  If  we  get  wata  nnder  sndi  high  pressore  em-* 
ditionsj  the  steam  is  reproduced  if  we  release  the  pressure. 
This  is  what  happens  when  a  steam  boiler  bursts.  The  water^ 
upon  the  snddm  rekase  of  the  pressure^  is  rapidly  dianged 
into  steam. 

There  is  anotiier  way  in  which  solids  and  gases  may  be 

given  the  form  of  liquid.  This  is  familiar  to  everyone  who 
has  put  a  lump  of  sugar  into  coffee.  The  solid  loses  its  shape 
and  strnctore  and  becomes  evenly  distributed  thronglMnt  tlw 
coffee,  imparting  to  all  the  liquid  the  sweetness  that  it  pos- 
sessed as  a  solid.  We  say  the  sugar  has  dissolved  in  the 
coffee.  We  have  a  solution  of  sugar.  Though  not  so  familiar 
to  everyone  as  is  the  case  of  sugar,  it  is  also  true  that  gases 
dusolve  in  liquids  and  give  rise  to  sfdntions.  One  may  observe 


this  often  on  drawixig  a  glass  oi  water  suddenly  from  the  cold 
water  faucet.  The  clear  water  drawn  from  the  spigot  sud- 
denly becomes  cloudy  and,  looking  closely,  one  observes 
innumerable  tiny  gas  bubbles  throughout  the  liquid.  These 
gradually  rise  through  the  water  and  pass  out  into  the  air 
leaving  clear  water  behind.  The  gas  bubbles  are  composed 
of  air  dissolved  in  the  water  in  the  water  mains  which  are 
under  the  pressure  of  the  city  water  reservoirs.  The  gas  is 
given  up  in  part  on  release  of  the  pressure.  Not  all  the  gas 
is  thus  given  up.  If  we  put  the  water  In  a  vacuum  more 
dissolved  air  will  be  given  up.  We  thus  see  that  the  pressure 
is  an  Important  factor  In  determining  how  much  of  4  gas  is 
dissolved  in  a  liquid. 

We  may  learn  more  of  this  by  another  example,  the  familiar 
bottle  of  soda-water.  Soda-water  is  nothing  more  than  water 
which  has  been  highly  charged  with  carbonic  acid  gas  under 
pressure.  Hence  its  other  name,  carbonated  water.  The 
soda-water  bottle  when  closed  contains  water  in  which  the 
gas  is  dissolved  at  high  pressure.  If  the  cap  be  removed,  the 
pressure  is  released  and  the  dissolved  gas  begins  to  be  liber- 
ated from  the  water.  The  rate  at  which  the  gas  is  liberated 
depends  upon  a  number  of  things  and  the  events  which  occur 
depend  largely  upon  the  rate  at  which  the  gas  leaves  the 
water.  If  we  open  the  cap  carefully  we  can  slowly  release 
the  gas  pressure  and  the  liquid  will  remain  in  the  bottle.  It 
is  still  heavily  charged  with  dissolved  gas  as  can  be  shown 
on  pouring  rapidly  into  a  glass.  The  motion  of  the  water 
helps  to  release  the  gas  and  a  sparkling  glass  of  carbonated 
water  results.  If  we  shake  the  bottle  of  soda-water  before 
opening  and  suddenly  remove  the  cap,  the  release  of  gas 
occurs  rapidly  and  Is  oftentimes  so  rapid  as  to  carry  along 
with  it  much  of  the  water  in  the  bottle.  Such  uncontrolled 
release  of  gas  results  in  loss  of  material. 

The  pressure  of  the  gas  dissolved  in  the  water  may  be  put 
to  use  as  the  motive  power  for  the  removal  of  the  water  from 
the  container.  One  way  to  accomplish  this  is  to  be  seen  in 
tiie  soda-water  syphon.  In  tids  case  the  carbonated  water  is 
drawn  from  a  tube  which  reaches  to  the  bottom  of  the  bottle. 
As  the  syphon  Is  opened  the  gas  pressure  in  the  space  above 


the  liquid  forces  the  water  up  the  syphon  tube  and  out  into 

the  receiving  vessel.  The  water  thus  forced  out  still  contains 
a  lot  of  dissolved  gas.  The  amount  is  determined  by  the 
pressure  In  tiie  gas  space  above  tibie  liquid.  The  greater  this 
pressure  the  more  gas  is  dissoved  in  the  water  and  vice  versa. 
In  a  nearly  empty  syphon,  since  the  gas  volume  above  tibe 
Hquid  is  now  much  larger  than  in  a  fuU  s3rphon,  the  gas  pres- 
sure is  correspondingly  less.  The  last  water  drawn  from  the 
sy^phma.  Is  consequoiUy  very  much  less  carfofmated — it  is  "flat- 
ter" and  less  sparkling — than  that  which  comes  from  a  freah 
syphon. 

All  these  familiar  facts  and  observations  are  pertinent  to 

the  problem  of  oil  under  pressure  imderground  and  the  meth- 
ods to  be  adopted  in  Inringing  the  oil  to  the  earth's  surface. 
Oil  underground  is  a  liquid  which  contains  both  dissolved 
solids  and  dissolved  gas.  Vaseline  and  paraffin  wax  are  among 
the  solids  in  soluticm  in  the  oil,  equivalent  to  tiie  sugar  dis- 
solved in  cofiFee.  Natural  gas  is  also  in  solution  in  oil  just  as 
carbonic  acid  gas  is  dissolved  in  soda-water.  The  amounts 
of  solids  and  of  gases  dissolved  in  ml  vary  extremely  widely 
in  different  oil  fields  giving  vastly  different  types  of  oil.  The 
general  principles  involved  in  these  liquid  solutions  are,  how- 
ever, the  same.  They  differ  only  In  the  d^pree  with  which 
they  may  be  applied.  It  is  the  uncontrolled  release  of  natural 
gas  from  oil  underground  that  results  In  the  production  of 
"gushers,"  the  parallel  of  which  is  the  soda-water  bottle  sud- 
denly opened.  The  syi^on  of  soda-water  is  an  example  of  a 
means  whereby  oil  may  be  recovered  from  its  reservoir  under 
control  utilizing  as  motive  power  the  pressure  of  natural  gas 
released  from  solution  in  tJie  oiL 

Oil  un^rground  is  not,  however,  a  simple  pool  of  liquid 
containing  dissolved  solids  and  natural  gas.  The  oil  is  found 
in  sand  or  sandstone  beds  under  layers  of  rock  which  make 
a  gas-tight  dome  or  cover  for  the  <^1  reserve.  To  use  tiie 
analogy  of  the  soda-water  bottle  once  more,  the  parallel  would 
require  that  tibe  bottle  should  be  loaded  with  sand  and  having 
carbonated  water  in  the  spaces  between  the  sand  parti<des. 
On  releasing  the  gas  pressure  it  is  apparent  that  the  volume 
of  liquid  to  be  obtained  would  be  ooBsideraUy  less  than  that 


from  a  bottle  of  the  same  size  without  any  sand.  Several  rea- 
sons acoomit  for  ibia.  In  the  fiist  place,  part  of  the  volume 
is  taken  up  by  the  sand.  In  the  second  place,  part  ol  the 
liquid  remains  behind,  wetting  the  grains  of  sand.  In  the 
third  place,  with  snffidcntly  fine  sand,  the  liquid  wiU  be  held 
to  some  extent  in  thin  films  between  the  sand  particles.  I«t 
nf  ^camine  the  effect  of  these  several  factors  on  the  possible 
yield  from  a  bed  of  sand  containing  a  given  liquid. 

First  of  all  we  may  discuss  the  volume  occupied  by  the 
sand.  Let  ns  think  first  of  the  sand  as  made  up  of  perfectly 
round  beads  aU  of  the  same  siae.  If  tiiese  beads  were  aU 
carefully  arranged  in  an  orderly  manner  so  that  each  bead 
just  touched  six  (and  only  six)  other  beads  arranged  regu- 
larly around  it,  it  can  be  shown  that  the  empty  spaces  between 
the  beads  in  a  bottle  full  of  beads  is  about  one-half  (accu- 
rately 47.6  per  cent)  of  the  volume  of  the  bottle.  Our  oil 
reservoir  would  only  contain  half  its  apparent  volume  of  oil. 
This  result  does  not  depend  upon  the  size  of  the  beads. 
Large  or  small  beads  give  the  same  result,  provided  they  are 
all  the  same  size  and  all  have  the  arrangement  indicated. 

The  arrangement  is  very  important,  however.  That  just 
discussed  is  known  as  the  least  compact  arrangement.  It  gives 
tiie  greatest  volume  of  voids  to  hold  our  oiL  If  we  shake 
down  the  beads  into  the  most  compact  arrangement  we  shall 
then  find  that  three-quarters  of  the  bottle  is  occupied  by 
beads,  irrespective  of  their  size,  provided  they  are  the  same 
size.  This  leaves  only  one-quarter  of  the  bottle  to  hold  mL 
Our  oil  reservoir  is  only  one-quarter  of  its  apparent  size. 

Conditions  in  nature  are  not  so  simple  as  this.  The  sand 
grains  are  not  all  one  size  but  of  very  many  sizes.  This  may 
result  in  an  even  smaller  volume  of  space  between  the  sand 
to  be  occupied  by  oiL  For,  we  can  imagine  the  case  last  con- 
sidered, in  which  one-quarter  of  the  whole  volume  was  voids, 
to  be  mixed  with  smaller  grains  of  sand  that  would  sift  into 
the  spaces  between  the  beads,  stiU  further  redudng  the  capac- 
ity of  the  reservoir  for  oil.  In  this  way  we  can  see  that  it 
is  not  surprising  that  quite  smaU  fractions  of  an  oil  reservoir 
are  reaUy  occupied  by  oil.  Actually,  measurement  has  shoim 
in  some  cases  that  less  than  one-tenth  of  the  whole  reservoir 


is  occupied  by  oiL  At  the  other  extreme,  as  much  as  two- 
fifths  of  the  sandy  mass  can  be  oil.  Most  actual  oil  fields 
diow  oil  contents  between  these  two  extremes. 

The  size  of  the  sand  particles  also  influences  the  amount  of 
dl  which  is  left  in  a  reservoir  as  a  fihn  of  oil  wetting  the 
sand  particles.  When  we  empty  a  bottle  of  soda-water  we 
always  leave  a  thin  film  of  water  wetting  the  sides  of  the 
bottle.  Actually  this  is  a  negligible  portion  of  the  total  vol- 
ume of  water  that  the  bottle  eui  contain.  If  we  fill  the  bottle 
with  beads,  we  increase  enormously  the  surface  of  glass  whidi 
remains  wet  with  water  and  so  increase  this  loss  of  "wetting" 
water.  The  smaller  the  beads  the  more  enormous  does  tiiis 
surface  become.  If  we  halve  the  size  of  the  beads  we  increase 
the  surface  four  times.  If  we  have  beads  one-quarter  the 
size,  the  surface  to  be  wet  increases  sixteen-fold.  It  can  thus 
be  seen  that  the  finer  the  grains  of  sand  in  our  oil  reservoir 
the  greater  the  smrf  aee  of  sand  which  will  be  wetted  by  oiL 
When  this  fact  is  coupled  with  our  previous  observation  that 
varied  sizes  of  sand  grains  may  lead  to  an  oil  volume  only 
one-tenth  of  the  appar^t  volume  it  is  obvious  how  important 
this  size  of  sand  grains  becomes. 

That,  however,  does  not  complete  the  picture  with  respect 
to  size  of  sand  on  the  yield  of  our  reservoir.  We  have  already 
found  that  with  beads  of  equal  sizes  the  amount  of  voids  is 
the  same  whether  the  beads  are  large  or  small.  But  larger 
beads  have  much  bigger  pore  areas  than  smaller  beads.  If 
we  look  again  at  our  regular  arrangement  of  beads  in  a  bottle 
and  eoncentrate  our  ^tentloii  this  time,  not  on  the  volume  of 
the  pore  spaces  but  on  the  size  of  the  holes  between  beads, 
we  shall  find  that  the  size  grows  smaller  much  more  rapidly 
than  the  size  of  the  bead.  Indeed,  it  can  be  shown  that  if 
we  decrease  the  diameter  of  the  beads  by  one-half  we  cut 
down  the  cross-sectional  area  between  beads  to  one-quarter. 
If  we  reduce  the  diameter  of  tiie  beads  to  one-quarter  we  cut 
down  the  cross-section  to  one-sixteenth.  When  we  come  down 
to  actual  sizes  of  sand  these  holes  through  the  sand  become 
extremely  tiny.  It  has  been  calculated  that,  witii  an  average 
sand  (48  mesh),  there  are,  in  one  cubic  foot,  as  many  as 
1,500,000  pores  in  whieh  oU  may  be  stared,  there  are  4800 
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square  feet  of  sand  surface  in  direct  contact  with  the  oil,  and 
the  average  size  of  the  pore  is  such  that  700  of  them  placed 
side  by  side  would  measure  only  <nw  indii  aoKMs.  The  prob> 
lem  of  oil  recovery,  therefore,  is  a  problem  of  drainage  of 
oil  itom  sands  of  such  type  and  we  have  now  to  inquire  what 
factors  are  of  importance  in  determining  the  amount  and  also 
the  time  of  drainage  of  oil  from  such  sand  beds. 

Let  us  first  focus  our  attention  on  the  relation  between  the 
size  of  the  pores  through  which  the  oil  must  flow  and  the 
time  required  for  a  given  volume  to  ilow.  We  may  simplify 
our  problon  by  ccmsidering,  first  of  all,  the  flow  of  a  liquid 
through  a  single  pipe,  which,  for  the  purposes  in  view,  may 
constitute  one  of  the  many  pores  in  the  sand.  In  a  given 
time,  die  volume  of  liquid  flowing  through  a  tube  diminishes 
very  rapidly  with  decrease  in  the  bore  of  the  tube.  Thus, 
if  we  decrease  the  bore  of  the  tube  to  one-tenth,  the  volume 
flowing  through  diminishes  to  one  ten-tiiousaiiddi  of  that 
flowing  through  the  larger  tube.  Thus,  if  we  have  two  sands, 
each  containing  the  same  ammmt  of  oil,  Imt  difierii^  in  par* 
ttcle  size  so  that  the  pores  of  one  are  only  one-tenlJi  the 
cross-sectional  area  of  the  other,  then  the  times  required  for 
the  same  volume  of  the  same  oil  to  flow  through  each  sand 
would  be  in  the  ratio  of  ten  thousand  to  one.  Since  actual 
mei^surements  of  average  pore  diameters  in  different  oil  sands 
show  variations  as  high  as  fifty  to  «tte  it  is  not  unexpected 
that  different  oil  reservoirs  show  very  varying  rates  of  drain- 
age. What  is  more  important,  however,  is  the  varying  rate 
of  drainage  witib  varying  pore  area  in  one  and  the  same  sai^ 
It  is  apparent  that  when  drainage  of  a  reservoir  first  starts, 
the  mAjantj  of  the  ml  received  will  come  from  the  largest 
pores.  As  tiliese  gradually  exhaust,  the  rate  of  yield  will  slow 
up  at  a  very  rapid  rate.  Thus,  if  we  assume,  in  a  given 
sand,  pore  areas  in  the  ratio  of  100  to  1,  a  very  conservative 
estimate,  the  rate  of  yield  of  the  same  oil  from  the  largest 
and  smallest  pores  will  be  in  the  ratio  of  100  million  to  one. 
It  is  obvious  that,  if  the  initial  flow  from  the  largest  pores 
is  a  practicable  rate  of  flow,  long  before  all  the  oil  has  been 
givoi  up  by  the  sand  the  yield  rate  will  have  become  neg- 
ligibly small.   Everything  has  been  discussed  ia  these  para- 


graphs from  the  standpoint  of  spherical  particles  of  sand. 

This  has  permitted  quantitative  statements.  In  practice, 
however,  the  particles  are  not  spherical  and  are  of  unequal 
size.  In  general  this  will  result  in  even  smaller  pores  tlian 
those  discussed  and,  hence,  an  exaggeration  of  the  effects 
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Let  us  turn  now  to  the  pressure  factor.  The  amount  of 
oil  flowing  through  a  given  pipe  increases  directly  as  the 
pressure  applied  to  force  it  through  the  pipe.  Applying  this 
to  the  problem  of  sand  drainage  it  is  apparent  that  tiie 
greater  the  head  of  pressure  between  the  reservoir  dome  and 
the  oil  outlet  the  greater  will  be  Uie  rate  at  whidi  the  oil  is 
yielded  by  the  sand.  This  points  to  the  desirability,  so  far 
as  this  factor  is  ccmcemed^  of  maintaining  in  the  oil  dome  as 
much  of  the  natural  gas  pressure  as  circumstances  allow. 

Everyone  knows  that  there  are  great  differences  in  the  ease 
witii  which  liquids  flow.  Molasses  flows  modi  more  slowly 
from  a  vessel  than  does  water  under  the  same  conditions. 
These  differences  in  rate  of  flow  are  of  importance  in  the 
problem  of  oil  drainage  where  tiiere  are  as  great  differences 
among  oils  in  this  property  of  fluidity  as  there  is  between 
molasses  and  water.  Gasoline  is  the  most  fluid  fraction  of 
the  oil.  Lubricating  oil  is  one  of  tJie  less  fluid  mf  more  vis- 
cous fractions.  By  adding  a  more  fluid  to  a  less  fluid  con- 
stituent we  increase  the  fluidity  of  the  heavier  part.  Every 
automobile  owner  knows  this  fact  in  the  problem  of  crank 
case  dilution.  The  lubricating  oil  becomes  more  fluid  by 
admixture  of  gasoline  with  the  lubricating  oil  in  the  cylinders 
of  the  engine. 

Now,  just  as  gasoline  increases  the  ease  of  flow  of  a 
heavier  oil  when  mixed  with  it,  so,  also,  the  introduction  of 
natural  gas  into  a  heavy  oil  increases  its  fluidity.  The  more 
gasoline  we  introduce  into  a  heavy  oil  the  more  we  thin  the 
oil.  Similarly,  the  more  natural  gas  we  introduce  into  a 
heavy  oil  the  more  we  thin  it.  We  can  increase  the  amount 
of  natural  gas  dissolved  in  oil  in  exactly  the  same  way  that 
the  soda-water  manufacturer  increases  Ae  carbonic  a<^  gas 
in  his  carbonated  water,  namely,  by  pumping  the  gas  into 
tiie  liquid  under  pressure.  The  more  pttasm  we  apply,  the 
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more  natural  gas  dissolves  in  the  oil.  If  we  doable  the  pres- 
sure, we  roughly  double  the  amount  of  natural  gas  dissolved. 
Now  the  effect  of  the  natural  gas  as  a  thinner  for  the  oil  is 
even  more  pronounced,  weight  for  weight,  than  the  effect  of 
gasoline.  Also^  its  effect  on  the  oil  is  roughly  proportional 
to  the  amount  introduced.  We  shall  increase  the  fluidity 
twice  as  much  by  dissolving  twice  the  amount  of  gas^  or^  what 
is  the  same  things  by  doubling  the  gas  pressure. 

Crude  oil  underground  is  generally  heavily  charged  witii 
natural  gas,  frequently  at  pressures  as  great  as  2000  lbs.  per 
square  inch.  This  means  that  the  oil  contaiiu  large  quantities 
of  dissolved  natural  gas,  and  this  gas  will,  as  we  have  seen^ 
very  much  increase  the  fluidity  of  the  oil  and  aid  its  flow 
tiirougfa  the  pores  of  the  sand  into  the  collecting  pools.  This 
gas  will  remain  in  the  crude  oil  so  long  as  the  pressure  is 

as  our  soda-water  remains  charged 
wiih  gas  so  long  as  it  is  in  a  closed  vessel.  But,  if  we  release 
the  pressure  on  our  soda-water,  the  gas  is  given  off  and  the 
water  becomes  "flat";  it  has  lost  most  of  the  dissolyed  gas. 
In  exactly  the  same  way  if  we  release  the  gas  pressure  on 
our  oil  wells  the  gas  is  given  off  as  natural  gas  and  the  crude 
oil  remains  behind  free  from  gas.  But,  the  coosequence  of 
most  importance  in  such  release  of  natural  gas  is  that  the 
^emde  ml  loses  the  fluidity  which  the  presence  of  the  natural 
gas  gave  to  it.  It  flows  tiien  very  much  less  readily  and 
collects  more  slowly  in  the  drainage  pools. 

Let  us  take  8<Hne  examples  from  actual  experiments  which 
win  show  how  great  this  effect  can  be.  It  has  been  fonnd 
that  a  crude  oil  which  contains  natural  gas  dissolved  in  it  at 
500  pounds  pressure  per  square  inch  flows  just  twice  as  rap- 
idly as  it  would  under  the  same  conditions  if  it  contained  no 
dissolved  gas.  This  means  that,  in  the  same  period  of  time, 
twice  as  much  oil  would  drain  frcHon  a  given  bed  if  the  oil 
were  kept  saturated  at  the  given  pressure  as  would  be 
obtained  if  the  gas  were  first  allowed  to  escape  from  the 
liquid  and  this  latter  was  then  drained  from  the  oil  reserve. 
Since  pressures  as  high  as  1000  lbs.  per  square  inch  or 
greater  are  not  uncommon  in  i»l  prodndiig  areas  it  follows 
that  drainage  may  be  secured,  by  pressure  maintenance,  at 
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as  much  as  four  times  the  possible  rate  of  flow  of  <^  from 
which  the  natural  gas  pressure  is  released. 

We  have  seen  previoosly  that  the  sise  of  poies  determinei 
in  part  the  rate  of  flow  of  oil  from  the  area  and  that  the  pores 
may  be  so  fine  as  to  cause  impracticably  low  rates  of  flow. 
By  maintaining  gas  pressure  and  tfans  iaCTeasing  flow  rates 
by  upwards  of  two  to  four  times  it  is  apparent  that  one 
result  will  be  that  the  range  of  pora  sixes  from  which  prac- 
ticable speeds  of  flow  may  be  secured  will  be  correspondingly 
increased.  The  effect,  therefore,  of  maintenance  of  gas  pres- 
sure on  the  fluidity  of  the  oil  is  twof<dd;  it  increases  the  rate 
of  yield  of  oil  and  also  the  total  amount  of  yield  attainable 
in  practice.  Any  uncontrolled  release  of  gas  pressure  will 
have  its  effect  upon  ultimate  oil  recovery,  but  In  some  eases 
an  apparently  large  amount  of  gas  must  necessarily  be  pro- 
dneed  to  win  the  oil  even  though  by  such  gas  prodnction  pres- 
sure is  reduced. 

We  noted  earlier  that,  as  the  syphon  of  soda-water  empties, 
the  pressnre  of  gas  above  the  liquid  decreases  and  the  amoont 
of  gas  dissolved  in  the  soda-water  becomes  less.  The  last 
water  from  the  syphon  is  less  sparkling  than  the  first.  The 
same  is  true  of  our  oil  reserve.  Even  if  we  reeov<»  liie  oil 
without  release  of  pressure  the  voids  left  by  the  oil  drainage 
become  filled  with  gas  released  from  the  remaining  oiL  This 
latter  becomes,  therefore,  less  saturated  witli  gas  and  oonse- 
quently  less  fluid.  Its  recovery  becomes  correspondingly 
slower  and  less  complete.  We  could  keep  our  soda-water 
sparkling  to  the  last  drop  if  we  could  re^trodnee  Into  tibe 
syphon  gas  sufficient  to  make  up  the  original  pressure.  We 
can  keep  oar  oil  fluid  under  drainage  if  we  re-iatrodnee  nat- 
ural gas  to  the  oil  bed  to  maintain  the  original  gas  pressure. 
FnNBd  the  point  of  view  of  oil  flow  and  oil  conservation,  there- 
fore, it  is  not  only  desirable  to  prevent  Indiscriminate  loss  of 
natural  gas  pressure  but  even  to  reinforce  this  pressure 
against  the  ordinary  loss  of  pressura  due  to  drainage  by 
return  of  gas  under  pressure  to  the  area. 

Gases  do  not  all  dissolve  in  liquids  to  the  same  extent. 
Carbonie  aeld  gat  is  moeh  mora  solnlde  m  water  than  is  air. 
Under  the  same  conditions  five  times  as  much  carbon  dioxide 
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dissolves.  It  is  the  quantity  dissolved,  not  the  working  pres- 
sure, which  is  of  importance  in  the  lowering  of  the  fluidity 
of  oil  by  dissolved  gases;  just  as  -with  water  there  are  great 
differences  in  the  solubility  of  natural  gas  and  other  gases  in 
ool.  For  example,  a  natural  gas  composed  principally  of 
methane  is  less  than  fonr-fiffclis  as  soluble  as  a  natural  gas 
containing  roughly  half  and  half  methane  and  ethane.  This 
means  that  it  is  rcragbly  only  four-fifths  as  usef ul>  under 
comparable  conditions,  in  increasing  the  fluidity  of  the  oiL 
Actual  test  showed  that  it  was  only  three-fifths  as  good.  It 
is  evident,  therefore,  that  attention  should  be  paid  not  only 
to  maintaining  gas  pressure  in  the  oil  area  but  also  to  the 
type  of  gas  used  for  maintenance  of  the  pressure.  From  the 
standpoint  of  fluidity,  a  pressure  of  "rich"  natural  gas  would 
be  very  much  better  than  a  pressure  of  "lean"  natural  gas, 
although  ewHBffiiniff  f act4»s  might  prevent  such  a  procedure. 

It  is  not  essential  that  tiie  gases  used  in  maintaining  pres- 
sure be  natural  gas.  Any  gas  that  is  very  soluble  in  oil  will 
serve  equally  weUL  It  is  well  known  that  carbonic  aeid  gas> 
our  constituent  of  soda-water,  is  also  freely  soluble  in  many 
liquids  of  the  type  of  oil.  Indeed,  it  has  been  shown  that, 
actually,  tiiis  gas  is  nuMre  soldble  in  crude  4h1  than  the  better 
of  the  two  natural  gases  discussed  above.  Carbonic  acid  gas 
should^  therefore^  and  does  have  a  greater  influence  than 
these  natural  gases  <hi  the  fluidity  of  tiie  emde  oiL  Its  use, 
obviously,  would  depend  on  its  availability  at  the  well.  This 
involves  chenncal  problems  which  can,  however,  be  satisfac- 
torily solved. 

The  possibility  of  using  other  gases  than  natural  gas  also 
Inrings  up  the  qnestiiMi  of  the  possible  use  of  air  and  also  of 
hydrogen.  The  former  is  available  and  the  latter  can  be 
produced  from  raw  materials  at  hand.  Neither  of  these  gases, 
however,  is  very  soluble  in  crude  oil  and  their  efficiencies 
could  not  be  expected  to  be  more  than  a  small  fraction  of 
those  attainable  with  natural  gas  or  with  carbon  dioxide.  In 
the  ease  of  air,  also,  nnoe  chemical  reactioii  may  occur  be- 
tween the  oil  and  the  oxygen  the  results  obtained  would 
depeod  in  part  <ni  whether  these  reactions  gave  more  viscous 
or  less  viscous  products. 
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There  is  one  other  factor  which  influences  ibc  fluidity  of 
an  oily  and  that  is  the  temperature.  The  hotter  the  oil  the 
more  readily  it  flows.  Since  deep  wells  are  hotter  than  shal- 
low wells  we  may  expect  greater  proportionate  recoveries  of 
oil  from  deep  weUs.  There  does  not  seem,  however,  to  be 
any  simple  practicable  metfaod  whereby  the  tonperatnre  of 
a  given  well  can  be  increased  to  give  the  advantage  of  greater 
rate  of  flow  with  hotter  eaaMHaaB^  Also,  the  hotter  the  oil, 
the  less  the  gas  whidi  it  will  dissolve  under  a  given  pressure. 
Hence,  the  hotter  the  oil  the  less  the  effect  to  be  obtained  from 
wiwfaiiwing  the  gas  pressue,  though  the  diffeieaees  eansed 
by  the  temperature  are  of  secondary  magnitude. 

There  is  one  other  factor  that  helps  to  prevent  the  oil 
operator  from  reoovmng  all  the  oQ  fxw^  a  giveii  area.  The 
scientist  calls  that  factor  the  surface  tension.  Anyone  can 
show  the  operation  of  surface  tension  by  allowing  the  tip  of 
a  handkerchief  to  touch  the  surface  of  a  bowl  of  water. 
Close  observation  will  show  that  the  water  is  "sucked  up"  by 
tiie  handkerdiief  well  above  the  level  of  the  water  in  the 
bowl.  The  water  rises  to  higher  levels  in  the  fine  pores  of 
the  handkerchief  than  it  occupies  in  the  bowl  of  water.  The 
scientist  measures  surface  tension  in  just  this  way.  He  mea- 
sures the  height  to  which  the  liquid  will  rise  above  the  level 
of  a  liquid,  when  a  fine  tube  of  known  bore  is  introduced  into 
the  liquid.  The  greater  tiie  surface  tmsion  the  hi^^ier  it 
will  rise.  Anything  which  lowers  the  surface  tension  will 
decrease  the  height  to  which  the  liquid  will  rise.  A  litUe 
soap  in  water  lowers  its  surface  tension  and  ^  rise  can 
easily  be  reduced  to  half  its  normal  value. 

The.  bed  of  oil  sand  is,  as  we  have  seen,  a  fine  network  of 
tiny  pores  acting  in  the  same  manner  as  tiie  tube  of  fine  bore 
or  the  handkerchief  which  we  have  just  discussed.  Drainage 
from  sudi  a  sand  bed  would  be  incomplete  even  if  aU  the 
factors  already  discussed  in  detail  were  not  operating  at  afl. 
Anyone  can  convince  himself  that  this  is  so  by  allowing  a 
brick  to  dip  just  below  the  surface  of  water.  Water  will  be 
drawn  up  gradually  into  all  the  pores  of  the  bride  until  it  is 
all  moist.  In  this  way  too  we  can  actually  measure  the  pos- 
sible recovery  of  liquid.   All  tiiat  it  is  neeessarj  to  do  is  to 
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weigh  first  of  all  the  dry  brick^  secondly  the  brick  after  it 
has  touched  the  water  surface  aad  taken  up  all  it  is  aUe,  and 
finally  the  weight  of  the  brick  after  total  immersion  in  water. 
The  difference  between  the  first  and  third  will  be  the  weight 
of  water  the  bride  can  hold.  The  difference  between  the  first 
and  second  is  the  weight  which  would  be  retained  by  surface 
tension.  The  same  holds  true  for  the  oil  in  the  sand.  To  the 
extent  that  sand  is  capable  of  drawing  up  dl  into  its  pores 
by  that  amount  is  drainage  of  such  an  area  incomplete  by 
reason  of  surface  tension. 

Just  as  we  can  lower  the  surface  tension  of  water  by  the 
addition  of  soap  so  we  can  modify  the  surface  tension  of  oil. 
Anything  which  decreases  the  surface  tension  of  the  oil  facili- 
tates oil  recovery.  All  that  has  been  written  as  to  the  effect 
of  pressure  on  the  fluidity  of  oil  is  applicable  alike  to  the 
loi^ring  of  the  surface  tendon.  The  percentage  effect  in 
this  case  is  not  so  great  as  in  the  case  of  fluidity  but  it  is  still 
sufficient  to  influence  the  drainage  of  oil  to  a  marked  degree. 
Thus,  whereas  a  pressure  of  500  lbs.  per  square  inch  causes 
the  oil  to  flow  twice  as  fast^  the  change  in  surface  tension  was 
about  25  per  cent.  There  is  room  for  much  work  on  the 
surface  tensions  of  oils  and  their  modification  by  the  addition 
of  substances  which  would  lower  their  surface  tensions  and 
thus  promote  their  expukicm  from  the  sisnd  areas. 

There  are  problems  of  operation  in  the  use  of  pressure  in 
oil  fields  which  are  not  touched  upon  in  this  survey.  They 
relate  to  by-passing  of  less  depleted  areas  and  reversal  of 
flow  between  non-depleted  and  depleted  areas.  These  prob- 
lems are  essentially  local  and  call  for  study  each  individually. 
What  have  been  here  presented  are  the  generalised  scientific 
principles  of  the  problem  and  they  are  offered  to  the  industry 
in  the  hope  that  iliey  may  be  stimulative  of  thought  and  pro- 
ductive of  application. 
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